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Abstract  
Experimental validation of thermal hydraulics and CFD codes of scaled down models and full models 
of Nuclear Reactor components is very important for reactor system designers and reactor safety experts 
for optimal design and providing best safety features of the reactor systems. Over the period of time 
several techniques have been developed for this purpose. Among them Digital Part icle Image 
Velocimetry (DPIV), a laser based optical technique, is the recent, innovative, promising and flexib le 
enough one so that it can be adapted to a large variety flows. By this technique test time is reduced 
significantly.   
    DPIV is a non-intrusive optical measurement technique, which allows capturing several thousand 
velocity vectors within large flow fields instantaneously. DPIV technique is being used in very wide and 
different applications, from micro flows over combustion to supersonic flows for both industrial needs 
and research. 
    2-D DPIV facility having non-intrusive, instantaneous flow visualization with high spatial and 
temporal resolution features has been developed. It is used for measurement of flow velocity vectors at 
many (e.g. thousands) points in a flow field simultaneously and it provides instantaneous vector fields 
and displays velocity vectors in rea l-t ime. DPIV combines flow visualization  with accurate quantitative 
velocity data. 2-D Velocity vectors are obtained by analysis of displacement of tracer particles on 
images in a known time. The development of visualizat ion tools are powerful enough to at tack the 
complexity o f a resulting flow field but also flexib le enough so that they can be adapted to a large 
variety of different flow. DPIV system has Laser light source, Laser beam delivery system, High speed 
camera interface, DPIV image acquisition & analysis software, CCD camera, computer controlled 
synchronizer, seeding particles & PC. This system will enhance our capability of thermal hydraulics, 
neutronics and mult iphysics modelling by experimental support & actual measurement of parameters, in 
addition to codes we had with us. Application of DPIV is must for the flow in the separation and 
reattachment regions where it is directly related to drag and heat transfer coefficients and for Vortex 
shedding. This facility is being used for basic research of code verification, code development, design 
optimizations and  safety analysis.  
Keywords: Flow visualizat ion, Dig ital Particle Image Velocimetry, Computational Fluid 
Dynamics analysis of different AHWR, PHWR and future reactor components. 
 
  
1. Introduction 
    The last decade has seen an increasing use of three-dimensional CFD codes and Thermal Hydraulics  
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codes to predict steady state and transient flows in nuclear reactors [1]. CFD codes contain models for 
simulating turbulence, heat transfer, mult iphase flows, and chemical reactions. Such models  must be 
validated before they can be used with sufficient confidence. It is generally accepted that computational 
flu id dynamics (CFD) Codes are intrinsically capable of simulat ing fluid dynamics and heat transport 
locally because they are based on ‘first principles’ [2].  Great care must be taken in their application & 
experimental verificat ion is required.  Measurement of many  different flow parameters and 
experimental data such as instantaneous velocity magnitudes, vector velocities themselves, spatial and 
temporal correlat ions, Reynolds shear stresses and full field  three-dimensional velocity  components are 
required for advanced computational fluid dynamics  [3,4]. Selection of measurement techniques and 
understanding of measurement parameters is very  important. Measurement techniques have their own 
advantages and disadvantages for different processes. Laser Doppler Velocimetry (LDV) and hot wire 
anemometry are being used for CFD measurements since long. They provide measurements at single 
point. Dig ital Particle Image Velocimetry (DPIV) can give measurement of velocity at thousands of 
points with excellent temporal and spatial resolution. 
    For measuring unsteady spatial structures of a flow the Particle Image Velocimetry technique (PIV) 
is a promising technique [5]. Descript ion of this technique can be found in [6], [7], [8], among others. 
Understanding of the detailed flow structure evolution with dynamic interaction s is required for 
development and application of CFD codes. 
    Th is study aims to develop an experimental data base with h igh spatial and temporal resolution of 
flu id flow velocity inside different models of reactor components. The full-field  detailed  data base is 
intended to validate CFD codes at various temporal-spatial scales. Measurements are carried out using 
DPIV technique inside optically transparent models. 
    Nuclear reactors have different flow channels in d ifferent systems with  various configurations, 
interconnections, flow restrict ions and flow devices. Experimental studies are very important to know 
effect of these devices on different parameters.  
2.  Instrumentation 
    The measurement system comprises of scaled down transparent models of components, system to 
maintain flow, DPIV system oriented for particular experiment & pos t processing.  
3.  Experiments performed & results obtained 
    Experiments have been performed on various geometries . Flow in circular tube, submerged jet, 
natural convection in a water pool, flow emanating from moderator in let diffuser of 500 MWe 
Presssurised Heavy Water Reactor (PHWR) and fluidic flow control device (FFCD) used in advanced 
accumulator of Emergency Core Cooling System (ECCS) have been studied using digital PIV system. 
The results obtained are matching with that of CFD analysis.  It is not possible to show all the results 
obtained. 
4.  Experiments planned 
    Following experiments are planned to be performed. 
4.1. Mapping of flow field of fuel rod bundle  
    In order to establish reliable design and performance criteria for fuel bundle mod els, better velocity 
data is needed. By application of DPIV system detailed velocity distributions, or whole flow field data 
of velocity at thousands of points can be done simultaneously.   
4.2. Flow field mapping of NDCT 
    NDCT design and configuration of NDCTs have changed with time. Flow field in different zones is 
of major concern for better design, decid ing configuration for better performance and design 
optimization. It is proposed to use DPIV for doing measurements in NDCT models.       
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4.3.  Velocity and temperature distribution of moderator inside calandria of 700 MW reactor 
    In 700 MWe Indian  PHWR Calandria, twelve moderator inlet  diffusers  direct the incoming cool 
moderator towards the top of the Calandria and hot moderator flows out through four outlets located 
near the bottom of the Calandria. It is planned to carryout measurement of flow velocities of 700 MW 
scaled down model. 
5. Conclusion 
    Validation of CFD & Thermal Hydraulics Codes by Digital Particle Image Velocimetry (DPIV) is 
very important technique which gives insight of flu id flow. More intelligent and flexible measuring 
systems with imaging diagnostics may be deployed for design and safety analysis of components. DPIV 
system can be used on a model of Calandria. Mapping of Flow and temperature fields simultaneously is 
proposed using DPIV and PLIF technique inside the Calandria. The results can be used for verificat ion 
& calculations for localized sub-cooled marg in under the postulated accident condition i.e. LOCA with 
ECCS failure and predictions done using computational fluid dynamics (CFD) simulation. 
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